In order to assess the effect of grazing on grasslands using floristic composition, we studied the floristic composition and plant biomass of steppe vegetation in Hulunbeier, Inner Mongolia. The dominant species of the grasslands were Stipa krylovii, Stipa grandis and Leymus chinensis. Floristic composition changed according to grazing pressure, being light, heavy and moderate. Under heavy grazing conditions, the importance value of P. acaulis, C. korshinskyi and Cleistogenes squarrosa increased in the plant community. These species were indicators of heavily grazed stand. Plant biomass of the stands ranged within 11.6 g m -2 and 63.5 g m -2
INTRODUCTION
The grasslands in eastern Inner Mongolia are located in the interior of Eurasian continent. Although land use in the area has historically been nomadic, there has been a shift among the nomadic people in the region toward permanent settlement. This shift in land use has had a marked impact on the grassland ecosystem of the region (Burensain 2001) .
The relatively low population density in Hulunbeier has meant that, compared to other regions in Inner Mongolia, the grasslands in Hulunbeier have been reasonably well conserved (Zhou et al. 1995) . Precipitation on the Hulunbeier grasslands increases from west to east because eastern Hulunbeier, which covered by forest steppe, is adjacent to the Da Hinggan Ling mountain range (Liu et al. 1994) . Since floristic composition and plant biomass are markedly affected by precipitation, we examined the effects of grazing intensity on the grasslands in Hulunbeier from west to east in areas with different precipitation.
We have conducted an ecological study on the Mongolian steppe to determine how these grasslands could be utilized in a sustainable manner (Hayashi et al. 1988 ). Numerous studies have been conducted to date on degradation of the grassland in Xilingole, Keerqin sand-land and Hulunbeier in Inner Mongolia and Kazakhstan (Hayashi et al. 1988 , Kawanabe et al. 1998 , Wuyunna et al. 1999 . In this study, we undertook a preliminary study on floristic composition and plant biomass of the grassland in the region. Floristic composition of the plant community indicates the stand quality under the environments of climatic change and human activities , Yiruhan et al. 2001 .
The findings of the study could be applied to assessing the impact of both environmental conditions and grazing pressure on differences in floristic composition and plant biomass.
STUDY SITES AND METHODS

Study Sites
The study sites in Hulunbeier were located at a latitude of 48°2 9'～49°34' N and a longitude of 116° 35'～120°12' E. We selected three study sites to the west of Lake Hulun side and three sites including three study stands of Ewenke Somu to the east of the lake (Fig. 1) . At each site, samples were taken in areas consi- dered to be homogenous with respect to physiognomy. Measurements were carried out in an intensively grazed, lightly grazed and moderately grazed stands, which were assessed depending on vegetation coverage and plant height of the stands. In addition, we also collected data from a stand that was used for mowing to the east of the lake.
Study sites were selected after a preliminary survey of areas considered to be representative of the steppe environment in Hulunbeier, and were located at Saihantala Somu (Saihantala), Dalai Somu (Dalai), Aoerjin pasture in Manchuria (Aoerjin), Ewenke Somu (Ewenke 1, 2, 3), Xiertala pasture (Xiertala) in Hailar and Hake pasture in Hailar (Hake) (Fig. 2) . In Ewenke around the Mergen Ri- ver, three stands were studied along a gradient of pressure of grazing. Assessing the coverage of vegetation and floristic composition of the stands, the stands were designated as having been subjected to heavy, moderate and light grazing, which varied in response to their distance from the Mergen River which was used by livestock as a water source. Table 1 shows the characteristics of each of the study sites including location, precipitation and mean annual temperature. The stands were situated on a gently rolling plain ranging in altitude between 600 m and 749 m above sea level. The flora of the stands was considered typical for the steppe environment and was dominated by species belonging to the genus Stipa. The stands were used for livestock grazing and the soil type at the sites consisted of ksatanozem and chernozem soils. The mean annual temperatures and precipitation at these sites ranged between 0.9℃ and 225.4 mm at Saihantala and 0.2℃ and 317.0 mm in Hailar (Institute of Meteorology and Hydrology of Inner Mongolia 2006). The monthly change in temperature and precipitation in Hailar is shown in Fig. 3 . The climatic regime of the region is favorable for plant growth because most of the rainfall occurs in summer. The study was conducted from 1 to 19 July 2006.
METHODS
We measured plant height and coverage for each species in five to ten 1 m 2 quadrats at intervals of 10 m along two transects set 10 m apart. After recording the species in the quadrat, we measured the height of the highest plant and the coverage of each species. Coverage was measured using the Penfound-Howard method modified by Numata (1987) . Numata's summed dominance ratio (SDR) was determined from the measurements of plant height, coverage and occurrence frequency (Hayashi et al. 2006) . We obtained biomass data using direct measurements and an estimation technique using a numerical model. The aboveground plant biomass of the stands was determined by clipping the individual plants at the base and then assigning their species. Litter, including standing litter, in the stand was also collected. The aboveground plant biomass for each species was then weighed after drying for 24 hours in an oven at 80℃. In order to estimate the plant biomass in the stand without clipping plants, we determined the v-value proposed by Kawada et al. (2005) . The v-value is derived by multiplying plant height (cm) by the coverage evaluated using Penfound-Howard-Numata criteria; the unit of the v-value is cm 3 . In calculation, the coverage mentioned above was converted as follows the stand without destroying the stands. In studying the plant biomass of the grassland, we adopted following procedure: 1. The floristic composition of each stand was compared with a floristically homogeneous stand, (What classified was the stand using the floristic composition). 2. In classified stands, quadrat sampling and statistical analysis was undertaken. 3. The mean weight and variance of plant biomass per unit area was calculated with five replications (Huang et al. 2004 ).
The soil hardness and soil water content were measured using a Yamanaka-type penetrometer (Fujiwara Scientific Company) and a TDR (Time Domain Reflex) soil water meter (Fujiwara Scientific Company) with five replications.
RESULTS
Sample Size
Sample size versus cumulative percentage of newly recorded species in successive increases in the number of quadrats in the Mergen River stands is shown in Fig. 4 . As shown in the figure, five quadrats were sufficient for including 95% of the species in the stand. The results were similar to those observed at the five other study sites.
Floristic Composition of the Stands
The floristic composition of the stands is given in Table 2 with Numata's summed dominance ratio (SDR). The stands were dominated by S. krylovii and L. chinensis. The total number of species In the Hulunbeier grasslands, S. krylovii and L. chinensis were the dominant species with the latter species increasing in light grazing stands. In stands subjected to under more severe and heavy grazing pressure, S. krylovii and L. chinensis was gradually replaced by P. acaulis and A. polyrhizum.
Floristic Composition of Heavily and Lightly Grazed Stands at the Mergen River Site
The floristic composition of the Mergen River stands exposed to light and heavy grazing is given in The relative SDR of C. squarrosa, C. korshinskyi, and Allium bidentatum also increased by grazing.
Relationship between Species Rank and SDR As described above, particular species combinations were observed in particular environmental conditions. Among the species examined, a relationship was observed between rank (r) and SDR in a stand. For example, the relationships between rank and SDR in the Manchuria stand is shown in Fig. 5 . The relationship can be approximated using the following equation:
r: species rank in SDR.
The relationship was observed also in other study sites. The coefficient and exponent for each study site are given in Table 4 . The exponents were -0.13 in Saihantala and -0.12 in Dalai and -0.06 in Aoerjin, Xiertala and Hake. The equation for each site was derived from five randomly selected quadrats. The intensively grazed stands were composed of a small number of species and the exponents are small. In the heavily grazed areas, the stands to the west of Lake Hulun had smaller exponents compared to sites in the east, implying that the stands to the west were grazed more intensively than the stands to the east. These empirical findings were corroborated in the field. The Shannon-Weaver's index is also provided in the same table, and similar values were obtained in both the lightly and heavily grazed stands. The Shannon-Weaver's index was not sensitive to the degree of grazing pressure.
Plant Biomasses in the Stands
The relationship between v-value (v: × 100 cm 3 ) and plant biomass (w: g) in Aoerjin in Manchuria is shown in Fig. 6 . The plant biomass in the stands was estimated using the equation showing the relationship between the v-value and plant biomass (Kawada et al. 2005 , Hayashi et al. 2006 . For example, the relationship between plant biomass (w) and v value in Aoerjin can be approximated as: Fig. 6 . Relationship between v-value of the species and plant weight.
Once we obtained the coefficient and exponent, we are able to estimate the plant biomass in the stand without the need for destructive sampling in the stand; instead, all that was required was measurements of plant height and coverage. This enabled us to save time and labor measuring plant biomass, which is an important component of field surveys. Using equation (2), the measured and estimated plant biomass from the study sites could be calculated and shown in Table 5 . The amount of plant litter and dung in the quadrat are also shown in the The difference between measured and estimated values ranged between 1% and 29%. Increased grazing pressure decreased plant biomass within the stand and standard deviation decreased. Plant litter was 172 g m -2 in Xiertala, which was the largest of all of the study sites. Amount of livestock dung varied between stands, and was independent of grazing intensity.
To obtain the stand biomass as a whole, we used the relationship between the plant biomass (W) and V (cm 3 ) value, which is a product of vegetation coverage and plant height in the stand. The V value is separate from the v-value, which is a product of plant height and coverage of plant population for each species. Using the V-value, we were able to estimate stand biomass without measuring the weight of each species in the stand. As shown in Fig. 7 , this relationship could be approximated using the following equation:
where W (g): plant biomass of a stand, V (cm 3 ): product of the Table 5 . The measured and estimated plant biomasses in the stands with standard deviation (S.D.) ) for each stand.
highest plant height and vegetation coverage. Using equation (3), we were able to collect considerable amounts of data in the field, because time for measuring labor of biomass is saved. The plant biomass values estimated using equation (3) in Ewenke 1, 85.6 g m -2 in Ewenke 2 and 138.0 g m -2 in Ewenke 3.
DISCUSSION AND CONCLUSION
We described the floristic composition and biomass of stands in heavily and lightly grazed stands of grassland in Hulunbeier, Inner Mongolia. Even under the same stocking rates, stand quality was observed to vary between stands under different physical conditions such as precipitation and soil. Stand condition is thus determined by a combination of both physical and anthropological factors (Nakamura et al. 2000, Hilbig and Opp 2005) . In this study, we used the floristic composition, which is thought an integrated indicator of physical and biological factors as criteria for assessing grazing intensity. However, these criteria vary depending on climatic conditions. For example, vegetation coverage is sparse in dryer areas such as areas without grazing in the vicinity of the Gobi desert (Sasaki et al. 2005) . Therefore, the above-mentioned criteria can only be applied to stands subjected to the same climatic conditions. In addition, use of these criteria requires that we compare stands subjected to grazing with grazing-free stands.
The steppes in the Hulunbeier region vary from forested and meadow steppe to dry steppe from east to west according to precipitation. The amount of precipitation also affects species dominance, which changes from L. chinensis and S. grandis in the forest steppe/meadow steppe to S. krylovii in the dry steppe (Liu et al. 1994) . It is necessary, therefore, to establish conserved sites to protect the natural steppe vegetation from grazing in each area. By protecting the natural vegetation from grazing, we will be able to evaluate whether grazing and whether sustainable use of the grasslands has been implemented.
In Saihantala, dominant species of the stand has been altered by grazing from S. krylovii, which is a dominant in Hulunbeier grasslands, to Allium polyrhizum. By comparing the floristic composition of stands to a protected stand, we are able to predict that the dominant species, L. chinensis, will be replaced by S. krylovii in the Mergen River stands under lightly grazed condition. However, in Xilingole, Inner Mongolia, S. krylovii has increased due to grazing in the grasslands (Nakamura et al. 1998 , Wuyunna et al. 2004 . This means that reaction of floristic composition to grazing intensity varies according to physical environmental conditions. In these stands, grazing was observed to affect the growth-form spectrum in the stand . P. acaulis, which is classified as a prostrate-type species in the growth-form classification of plants, increased in heavily grazed stands. C. squarrosa and C. korshinskyi also increased in response to increased grazing pressure on the Hulunbeier steppe.
The situation on the grasslands was not only influenced by grazing intensity and precipitation, but also by cultivation on the steppes. For example, B. inermis, a species characteristic of arable land, occurred in stands which formed by soil deposits transported by wind from croplands elsewhere (Kawada and Nakamura 2003) ; the stand in Hake, in which B. inermis was observed, was surrounded by croplands.
Plant biomass is produced by the plant community, which is determined by physical and anthropological environmental conditions (Chi et al. 1986 ). In Hulunbeier, to the east of Lake Hulun, the biomass of plant masses measured 111.2 g m -2 in Ewenke 2 and 166.2 g m -2 in Hake, which is equivalent to 1～2 t ha -1 obtained in Xilingole, Inner Mongolia (Xiao et al. 1996 , Okamoto et al. 2000 , Yiruhan et al. 2001 . Liu et al. (1994) reported that the plant biomass in the Hulunbeier grasslands measured 156.8 g m -2 in S.
krylovii -C. squarrosa stands 266.3 g m -2 in the S. krylovii -L. chinensis stands, which corroborated the findings of our study. Taken together, these findings indicate that the grassland ecosystems hold ca. 450～1,000 kg of atmospheric carbon per hector in summer. In addition, the steppe ecosystem is characterized as having a large amount of plant litter (Li et al. 2008) . In Xiertala, the amount of plant litter measured 172 g m -2
, which is greater than that of living plants in the stand. This value is equivalent to 580 kg per hector of atmospheric carbon sequestrated from the atmosphere in the summer period. A portion of the plant litter is expected to be retained as soil organic matter after respiration by soil organisms. If grassland desertification occurs in the steppe region, the sequestrating mechanism of the grassland ecosystems will be lost.
